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A population cytogenetic study was undertaken across a contact zone between Themeda triandra popula-
tions in the Transvaal Bushveld to the north of the Magaliesberg, and Highveld populations to the south. 
Fifteen collection points were chosen and three plants collected at each point. The northern-most collection 
point contained only tetraploids and those on the Highveld only hexaploids. In the vicinity of the Magaliesberg 
Mountain range, contact between the tetraploids and hexaploids produced pentaploid and decaploid hybrids. 
Meiotic pairing association analyses showed that both the tetraploids and hexaploids formed apomictic 
clones, of which some were widely distributed and others were more limited. This indicates that facultative 
apomixis occurs among both the tetra- and hexaploids and gives rise to genotypic and genomic segregants 
thus producing variation and forming new apomictic clones. The possible evolution of Themeda triandra in 
southern Africa is discussed. 
'n Bevolking sitogenetiese ondersoek is onderneem deur 'n kontaksone tussen Themeda triandra bevolkings 
in die Transvaalse Bosveld, noord van die Magaliesberg, en op die Hoeveld suidwaarts daarvan. Vyftien 
versamelpunte is gekies en drie plante is by elke versamelpunt versamel. Die versamelpunt wat die verste 
noord was, het slegs tetraploiede gelewer, terwyl die op die Hoeveld slegs heksaploiede bevat. In die 
omgewing van die Magaliesbergreeks, waar kontak tussen tetra- en heksaploiede voorkom, is pentaploiede 
en dekaploiede basters gevind. Meiose parings-assosiasie analises het aangetoon dat beide die tetra- en 
heksaploiede apomiktiese klone bevat. "Party van die klone vertoon 'n wye verspreiding, terwyl ander se 
verspreidings beperk is. Hierdie verskynsel toon dat fakultatiewe apomiksie voorkom by beide die tetra- en 
heksaploiede. Dit gee aanleiding tot nuwe genotipes en genoomsegregante wat weer nuwe apomiktiese 
klone vorm. Die moontlike ewolusionere ontwikkeling van Themeda triandra in suider Afrika word bespreek. 
Keywords: Agamic complex, cytogenetic, microsporogenesis, polyploidy, Themeda triandra . 
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Introduction 
The distribution of different polyploid levels of Themeda 
triandra in southern Africa show some general tendencies 
(Gluckmann 1951; De Wet 1960; Liebenberg 1986), al-
though no distinctive distributional pattern has been identi-
fied. The diploids tend to occur towards the eastern and 
southern lower-lying coastal areas, whereas the hexaploids 
are concentrated on the central highveld regions. Intermedi-
ate polyploids (4X and 5X) tend to occur inbetween. 
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Pretoria North 
N 
+ In the central Transvaal, the Magaliesberg Mountain 
range (an east/west mountain range) appears to form a 
transitional region between the predominantly hexaploid 
populations of the higher, southern region and the northern 
bushveld region where diploids, tetraploids and even some 
hexaploids occur. Recent studies (Fossey & Liebenberg 
1987; 1992) have shown that in the area east of Pretoria 
they are separated into two apparently entirely diploid (to 
the north) and hexaploid (to the south) populations. The 
distance between the two populations is a mere 25 km. The 
transition from Bushveld (c. 1 100 m above sea level) to 
Highveld (c. 1 500 m above sea level) on the western side 
of Pretoria, is more complex. Apart from the Magaliesberg 
Mountain range, there are at least two smaller ranges before 
the Highveld is reached. 
Pretoria West 
The aim of this study was to ascertain how and where the 
transition between the different polyploid levels occurs. We 
will report on a population cytogenetic study of 45 plants 
collected along a transect covering this transition. 
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Figure 1 Road map indicating the collection points. 
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Materials and Methods 
Plants were collected along the side of the road between 
Rashoop (north of Pretoria) and Brits, and over the 
Magaliesberg towards Johannesburg, a distance of c. 55 km 
(Figure 1). The 15 collection points (numbered 1 - 15) 
chosen along this road included points on the plains, in 
valleys, on top of mountain ranges and on the northern and 
southern slopes (Figure 2). At each of the points, three 
plants (labelled a, b or c) were collected from an area not 
exceeding 5 m2 • The plants were selected by throwing an 
iron hoop in the air and then collecting the plant nearest to 
where it landed. Slides prepared from some plants were 
inadequate and therefore these collection points were 
revisited. 
The inflorescences were fixed in Pienaar's solution, 6:3:2 
(methanol: chloroform: propionic acid) (pienaar 1955) and 
squashed in 1 % propionic carmine. One hundred Pollen 
Mother Cells (PMCs), each of metaphase I and anaphase I 
were scored for chromosome number, pairing associations, 
laggards and any other irregularities. 
Results 
The chromosome numbers of the 45 plants are given in 
Table 1. At collection point 1 tetraploids were encountered. 
The region from point 2, c. 6 km north of the Magaliesberg, 
to point 6, at the foot of the Magaliesberg, shows a clear 
transition from tetraploids to hexaploids. Here tetraploids, 
pentaploids, hexaploids and decaploids were found. At the 
southern collection points (7 - 15), only hexaploids 
occurred. 
The meiotic pairing associations of the four tetraploids 
(Table 2) and of the hexaploids (Table 3) have been group-
ed into similar pairing association groups. The hexaploids 
have further been subgrouped to facilitate comparisons . . 
Each group represents plants with similar association pat-
terns, whereas the subgroups represent finer subdivisions 
within the groups. The groupings are based on the number 
of pairing association types found and the relative frequen-
cies. In the case of the pentaploids, the pairing associations 
proved to be so variable that it became impracticable to 
present them in tables such as those used for the tetra- and 
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Figure 2 Topographical chart of the region of collection. 
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hexaploids. Regarding the decaploids, the meiosis was fairly 
irregular and, with their high chromosome number, it proved 
very difficult to obtain large enough numbers of well spread 
metaphase I meiocytes from which reliable analyses could 
be done and therefore no association tables could be 
compiled. 
The data of a comparative analysis of metaphase I mono-
valents and anaphase I laggards for the tetra-, penta- and 
hexaploids, based on information from 100 meiocytes each, 
are presented in Table 4. A highly significant positive 
correlation exists between the number of metaphase I mono-
valents and the number of anaphase I laggards (r = 0.99 for 
the tetraploids, r = 0.98 for the pentaploids and r = 0.97 for 
the hexaploids). This indicates that the analyses are accurate 
and highly repeatable. 
Discussion 
Previous studies have indicated that the Magaliesberg 
Mountain range, in the vicinity of Pretoria (central Trans-
vaal), forms a boundary between predominantly hexaploid 
populations to the south, and tetraploid and diploid popula-
tions (Fossey & Liebenberg 1987) to the north. Hexaploids 
do, however, also occur north of the Magaliesberg. Gluck-
mann (1951) and Liebenberg (1986) have reported on hexa-
ploids from Warmbaths and Naboomspruit, respectively. On 
the other hand De Wet (1960), whose study was mainly 
based on stomatal size, reported no hexaploids for the 
Bushveld area. It would appear that the distribution patterns 
of diploid and different polyploid populations in the central 
and northern Transvaal is more complex and needs further 
study. The fact that the diploid population studied by Fossey 
& Liebenberg (1987) and the tetraploids found in this study, 
occur at about the same latitude south, about 50 km apart, 
reflects the intricate distribution of the different ploidy 
levels in the Transvaal Bushveld. 
The collection localities of this study resulted in the 
identification of a contact zone between tetraploids and 
hexaploids. This contact zone has proven to contain hybrids 
between tetraploids and hexaploids, resulting in pentaploids 
(collections 2b, 4a, b & c). These pentaploids apparently 
undergo chromosome doubling from time to time, producing 
decaploids (collections 5c & 6c). This is the first time, as far 
as could be ascertained, that decaploid T. triandra have been 
reported to occur. Other ploidy levels, not yet found in 
southern Africa, are the octo-, nona- and endecaploids (8X, 
9x & llX) found in India (Birari 1980). It would seem that 
further south (collection points 7 - 15) only hexaploids 
occur. These findings are supported by those of Gluckmann 
(1951), Liebenberg (1986) and Fossey & Liebenberg (1987) 
that the T. triandra populations south of the Magaliesberg, 
in the Pretoria vicinity, are predominantly hexaploid. Gluck-
mann (1951), however, found pentaploids in Johannesburg 
and the eastern Transvaal Highveld (Standerton and Devon). 
A significant finding uf this study, however, was the 
occurrence and distribution of apomictic clones (the apospo-
ric progeny of the same apomictic lineage, having the same 
genotype and genomic make-up) at both the tetraploid and 
hexaploid levels. The pairing association analyses (based on 
100 meiocytes) have proved to be a very accurate tool in 
identifying specific genomic constitutions. From Table 2, 
the pairing associations analyses of the four tetraploids 
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Table 1 Localities, chromosome numbers and habitat of the 45 T. triandra collections studied 
Height 
Collection above Map 
points 2n sea level references Habitat description 
a 40 
1b 40 1 102 25°35'00"S/27°46'20"E Level bushveld: between Rashoop and Brits 
c 40 
a 60 
2b 50 I III 25°39'00"S/27°49'20"E Level bushveld, alongside stream; 4 Ian south-east of Brits 
c 40 
a 60 
3b 60 1 225 25°41 '30"S/27°52'30"E Bushveld, at bottom of northern foothills of Magaliesberg 
c 60 
a 50 
4b 50 1 326 25°42'10"S/27°53'50"E Transition area: top of Magaliesberg; Silkaatsnek pass 
c 50 
a 60 
5b 60 1 250 25°42'25"S/27°54'00"E Transition area: southern slope of Magaliesberg 
c 100 
a 60 
6b 60 1 220 25°44'15"S/27°53'50"E Transition area: southern foot of Magaliesberg 
c 100 
a 60 
7b 60 1 171 25°45'30"S/2r55'30"E Transition area: 'Die Moot'; valley immediately south of Magaliesberg 
c 60 
a 60 
8b 60 I 319 25°45'40"S/27°55'30"E Transition area: top of Daspoort ridge; Saartjiesnek pass 
c 60 
a 60 
9b 60 1 229 25°46'30"S/27°57'00"E Transition area: in valley, next to a stream 
c 60 
a 60 
lOb 60 1 371 25°47'30"S/27°59'00"E Transition area: on crest of the Skurweberg Mountain range 
c 60 
a 60 
lib 60 1 293 25°47' 40"S/2r59'35"E Transition area: south-eastern slope of Skurweberg 
c 60 
a 60 
12b 60 I 281 25°48 '30"S/27°59'20"E Transition area: further along south-eastern slope of Skurweberg 
c 60 
a 60 
13b 60 1 220 25°49'25"S/27°58'30"E Transition area: in Hennops River valley; alongside river 
c 60 
a 60 
14b 60 I 428 25°51' 40"S/28°00' 40"E Highveld: 4.5 Ian from Pretoria - Krugerdorp crossroad 
c 60 
a 60 
15b 60 1 463 25°54'30"S/28°01 '30"E Highveld: at Pretoria - Krugerdorp crossroad 
c 60 
found, indicated three distinct genomic constitutions 
(Groups I - III). These association patterns show clearly that 
collections I band Ic are of the same genomic constitution 
and probably belong to the same apomictic clone. Regarding 
the 34 hexaploids, a similar situation exists where the 
groups and subgroups represent different apomictic clones 
(Table 3). The division into groups and subgroups probably 
reflects different apomictIc clones. Some of these groups 
[e.g. A-2 (collection 15c); B-3 (collection 2a) and C-3 
(collection 3b)] are represented by single collections, 
whereas others [e.g. C-2 (collections 6b, 9c, lOa, IOc, Hc, 
12b, 12c, 13c, 14a and I5b)] are represented by as many as 
10 collections. The pairing associations of the different 
members of some groups are very similar (e.g. A-I, B-2 and 
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Table 2 Metaphase pairing association groups 
of the tetraploids 
Metaphase I Group I Group II Group III 
pairing 
associations 1a 1b 1c 2c 
20rr 60 20 24 42 
19rr + 21 1 3 4 
18rr + II + 1m 8 10 10 15 
18rr + 1IV 31 13 23 16 
l7rr + 21 + 11v 2 
16rr + 21 + 2m 2 7 
16rr + II + 1m + 1IV 13 8 10 
16rr + 2IV 27 20 9 
15rr + 31 + 1 m + 1 IV 2 
14rr + 31 + 3m 
14rr + 3IV 6 
14rr + 21 + 2m + 1IV 1 
14rr + II +lm + 2IV 5 4 
C-2) whereas others contain plants that, although very 
similar to the other members of their subgroup, are slightly 
different. A good example of this is subgroup B-1. The 
seven collections in this subgroup may be further divided 
into three subdivisions, namely, 3a, 3c and 5a, on the one 
hand, 8b, 8c and lOb on the other and collection 7a as a 
third deviant. Similarly collection 8a is slightly different 
from the other members of subgroup C-1 (collections 6a, 7b 
and 7c). 
An interesting pattern emerges when the distribution of 
the different hexaploid apomictic clones, as reflected by the 
various subgroups, is studied. Some of these clones display 
a limited distribution and seem to be confined to a fairly 
limited area; subgroup C-1, for example, was only encoun-
tered at collection points 6, 7 and 8. As collection 8a 
probably does not belong to this group, as mentioned previ-
ously, the distribution becomes limited to localities 6 and 7 
only (Figures 1 & 2). Both subgroups A-I and C-2, on the 
other hand, are large apomictic clones that occur from 
localities 5 and 6, just north of the Magaliesberg range, to 
locality 15 on the Highveld. Such conclusions are, however, 
hampered by the fact that this study only reflects the north/ 
south patterns over continually changing topographies, 
whereas the mountain ranges and valleys all run in a east! 
west direction. The distribution patterns of these apomictic 
clones within these valleys and along these ranges, were not 
monitored. 
The question arises, how did these different apomictic 
clones originate? Although it is probable that some of them 
may have arisen from different hybridizations, it is more 
likely that they represent incidences of sexual reproduction 
within facultative aposporic populations. Liebenberg (1990) 
reported on varying percentages of sexuality in tetra- and 
hexaploid collections of T. triandra in South Africa. 
Hexaploids from Pretoria and from the Hartebeespoort Dam 
area (Brits) produced 8.7% and 4.3% sexual embryo sacs, 
respectively. Some segregation of the parental genomes 
occurs each time sexual progeny is formed owing to the 
segmental alloploid nature of the polyploids. This results in 
changes of the genomic constitution and therefore the 
pairing association patterns of the polyploid offspring 
formed. Widely distributed clones represent long existing 
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Table 4 Metaphase I monovalent and Anaphase I laggard analysis 
Average Average 
monovalents laggards 
% meiocytes containing different numbers of Metaphase I monovalents / Anaphase I laggards 
(N = 100 each) 
Collection 
number 
la 
Ib 
Ie 
2c 
2a 
3a 
3b 
3e 
5a 
5b 
6a 
6b 
7a 
7b 
7c 
8a 
8b 
8e 
9a 
9b 
ge 
lOa 
lOb 
lOe 
11a 
11b 
11e 
12a 
12b 
12c 
13a 
13b 
13e 
14a 
14b 
14e 
15a 
15b 
15e 
2n Metaphase I Anaphase I 0/0 1/1 2(2 3/3 
40 
40 
40 
40 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
0.10 
0.42 
0.43 
0.41 
0.24 
0.42 
0.83 
0.30 
0.34 
0.21 
0.49 
1.00 
0.34 
0.38 
0.55 
0.97 
0.44 
0.43 
0.24 
0.32 
1.11 
1.09 
0.69 
0.99 
0.73 
0.70 
1.16 
0.22 
1.13 
1.22 
0.25 
0.71 
1.01 
1.04 
0.23 
0.77 
0.19 
1.03 
0.49 
0.14 
0.44 
0.46 
0.43 
0.28 
0.50 
0.99 
0.30 
0.39 
0.20 
0.47 
1.00 
0.37 
0.41 
0.52 
1.14 
0.48 
0.49 
0.32 
0.36 
1.30 
1.21 
0.82 
0.96 
0.70 
0.65 
1.32 
0.29 
1.43 
1.41 
0.25 
0.67 
0.96 
0.90 
0.27 
0.69 
0.19 
0.95 
91/98 
66/66 
69/67 
67/67 
8/10 
28(26 
22(22 
25(23 
80/79 16/15 
72{70 17/16 
50/44 28/30 
74/75 22{20 
78{77 12/11 
83/84 13/12 
64/65 26(26 
48/47 22(23 
72/71 23(22 
67/66 28(27 
57/60 32/30 
48/44 20/21 
69/67 22(23 
71/68 20(22 
79{77 18/16 
79{79 13/12 
1/2 
4/6 
8/9 
8/10 
4/5 
9/9 
14/15 
4/5 
8/9 
4/4 
7/6 
17/18 
4/6 
5/7 
10/9 
23(23 
6/7 
5/5 
3/6 
6/5 
2/2 
1/2 
0/1 
2/4 
5/6 
2/2 
3/3 
9/8 
1/1 
I/O 
6/6 
2/1 
3/3 
1/2 
43/38 27(25 15/18 8/10 
43/40 26(24 16/18 10/12 
64/57 15/17 11/15 8/9 
45/44 26(26 19(22 6/6 
46/50 36/33 17/14 1/3 
49/54 34/31 15/ll 2/4 
41/37 25(23 18(20 10/12 
82/78 14/16 4/5 0/1 
42/32 25(25 17(20 II/IS 
39/34 26(24 17/19 11/14 
80{79 16/18 3/2 1/1 
49/53 32(28 18/18 1/1 
43/46 29(27 17/16 7/8 
42/47 29{28 17/17 8/5 
83{79 13/16 3/4 0/1 
45/51 34/30 20/18 1/1 
83/82 15/17 2/1 
43/46 30{28 13/15 10/8 
0.47 73{72 8/10 16/17 3/1 
4/4 
0/1 
3/4 
0/1 
3/3 
0/1 
2/1 
1/2 
1/2 
0/1 
1/2 
5/6 
4/5 
2/2 
3/2 
5/7 
4/7 
6/8 
3/2 
3/2 
I/O 
3/2 
5/5 
0/1 
1/1 
1/5 
2/3 
1/1 
1/0 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
6/6 7{7 8/8 9/9 10/10 11/11 12/12 
2b 
4a 
4b 
4e 
50 
50 
50 
50 
4.97 
5.58 
6.71 
5.59 
4.82 
5.22 
6.88 
5.52 
4/4 
2/3 
0/1 
1/2 
8/13 19/19 16/14 20/14 9/9 6/12 7/8 6/3 5/4 
3(2 
7/6 
2/4 
7/12 10/12 15/12 14/15 19/19 12/10 11/8 6/5 0/1 
2/3 
1(2 
1/1 
1/2 
3/1 
I/O 6/4 11/12 14/10 13/14 15/17 20/22 10/9 
6/4 11/14 15/12 19/19 16(22 15/12 9/5 2/3 
clones that have spread apomictically, whereas clones with a 
limited distribution probably have a more recent origin, and! 
or have less competitive genotypes. 
This study has once again shown that an agamic complex 
has a vast inherent potential for variation. Within the 
Themeda triandra-complex, large, distinct diploid popula-
tions continually form new hybrids. Sexual reproduction 
among the facultative apomicts results in more complex 
hybrids, which also gives rise to variation through segrega-
tion of existing hybrids. These findings support the sugges-
tion that the Themeda triandra-complex in southern Africa 
is a fairly young and actively developing complex. The 
cytogenetic and embryo sac development data available to 
date (Liebenberg 1986; 1990 for literature review), suggest 
that the centre of origin for the genus Themeda is probably 
in tropical Asia. From there it migrated to southern Africa 
and Australia (Hayman 1 %0) via tropical corridors, reach-
ing South Africa via the tropical east coast. If this is true, it 
is likely that the migrating populations were mainly dip-
loids. This would explain the predominance of diploids 
along the east and southern coasts of South Africa. Hybridi-
zation and polyploidization occurred towards the interior, 
culminating in the hexaploids dominating the interior high-
veld regions. The warm, lower lying, Transvaal Bushveld 
seems to have been populated by both diploids and tetra-
ploids. 
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The pairing association analysis technique has proved to 
be a powerful tool in analysing complicated segmental allo-
polyploid complexes in that it enables one to identify not 
only different hybrids, but also sexual segregants in the 
progeny of facultative apomicts. 
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